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A blastocyst may be defined as a spherical mass of cells consisting of two
morphologically distinct areas, the trophoblast and the inner cell mass. These
two areas are encompassed by an acellular membrane referred to as the zona
pellucida. The embryonic disc is thought to be the start of organogenesis in the
rabbit blastocyst. Cross-sections of the blastocyst show that the trophoblast
remains one-cell-layer thick, except where it forms a continuum with the inner
cell mass. A new procedure is reported here for separating the embryonic disc
from the trophoblast by micro-manipulation for both observation and experimen¬
tation.
This technique made it possible to study the embryonic disc as a separate
entity from the trophoblast and to determine if the trophoblast cells are a
necessity for pulsating "heart" tissue. The procedure also provided a localizing
method which aids in the use of time lapse cinematography to observe the
migration of pulsating cells. Hence, we were also able to more closely observe
this area, thought to represent the start of organogensis, through the use of
phase-contrast microscopy. The technique may allow for the orientation of the
iii
disc to determine the exact area (if one exists) that contains the cardiac-forming
regions. If, in fact, cardiac tissue has formed from the embryonic disc, our
studies with acetylcholine should prove to be interesting. The effects of
acetylcholine upon the embryonic heart appears to have a special interest, since
it is not complicated by possible effects of the drug on intrinsic nerve cells and
fibers and on vessels, as in experimentation on the aduit heart.
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As DeHaan (1968) so aptly stated, "The goal of the embryologist is to be
able to describe as accurately as possible, at all levels of consideration, how a
functional organ arises from a single progenitor cell." This requires a knowledge
of a host of different parameters concerning cell-to-cell interactions, both m
vivo and in vitro, and information of the biochemical changes that occur at a
cellular level during organogenesis (Finkelstein et al., 1976). Organogenesis in
mammals is thought to start with the formation of the embryonic disc from the
inner cell mass. Because implantation follows shortly thereafter, it has been
difficult to study the major events that accompany and constitute early
organogenesis. Therefore, a system has been developed for growing this stage
embryo in vitro for both observation and experimentation (Daniel, 1963;
Finkelstein et al., 1976).
A blastocyst may be defined as a spherical mass of cells consisting of two
morphologically distinct areas, the trophoblast and the inner cell mass. The
trophoblast is a layer of extraembryonic ectodermal tissue on the outside of the
blastocyst. It attaches the ovum to the uterine wall and supplies nutrition to the
embryo. The inner cell mass is the area in which the embryonic disc forms for
development of the embryo proper. Those cells of the inner cell mass that are
neither entoderm nor trophoblast become a plate of epiblast, representing the
progenitors of the future ectodermal and mesodermal cells. Directly beneath is
the layer of entoderm that serves as a roof to the yolk sac. These two layers
make up the earliest embryonic disc (Arey, 1974) and are encompassed by an
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acellular membrane referred to as the zona pelluclda. The rabbit blastocyst
undergoes rapid expansion from 3.5 to 7-days, increasing in diameter from 0.16
mm to 5.01 mm (Daniel, 1964). Blastocysts, 6 to 7-days p. c. (post coitum), have
been cultured until pulsating ’’heart" tissue has developed (Ogawa and Imagawa,
1969; Finkelstein et al., 1976).
Very little is known about determination in the cells of the inner cell mass.
The procedure developed in the present investigation was designed to study the
embryonic disc as a separate entity. It is possible to isolate the embryonic disc
from the trophobiast by this technique and observe its behavior m vitro through
the use of phase contrast microscopy. Photographs were made daily to observe
the morphological changes which occurred. The movement of pulsating isolated
single cells was observed through the use of time lapse cinematography.
Observations were also made on the effects of acetylcholine on pulsating "heart"
tissue which was obtained from culturing the embryonic disc.
CHAPTER II
REVIEW OF LITERATURE
It is known that one blastomere of a two-celled ovum of the rabbit or
mouse (Tarkowski, 1959), as in the case of each twin blastomere of echinoderm
eggs (Driesch, 1891-as cited by Lin, 1969), can produce a complete individual. In
contrast, many invertebrates-for example, mollusca and annelids-develop struc¬
tural defects when only a small portion of the early cleavage egg is removed
(Weiss, 1939). Cells disassociated from advanced amphibian gastrulae, but not
from blastulae, may give rise to differentiated organ structures in culture.
Lin (1969) showed that at day four in the mouse blastocyst, it is possible to
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suck out between 5,000 and 15,000 mm of cellular material from the inner cell
mass and still obtain normal development. Both injection (Gardner, 1968) and
microsuction (Lin, 1967) techniques appear to indicate that the blastocyst retains
the capacity of regulation exhibited by cells in earlier stages of development.
The chick heart begins beating at about the 10-somite stage (Patten and
Kramer, 1933). In the prestreak and early streak chick embryo, cells with heart
forming competency are not restricted to localized regions of the epiblast
(DeHaan, 1968). Poorly organized but pulsatile heart tissue develops in cultured
fragments from any part of the prestreak blastodisc (Olivo, 1928; Spratt, 1942).
One of the earliest attempts at mammalian embryo culture was done on 6
and 7-day rabbit blastocysts (Brachet, 1913). Cleavage and midblastocyst stages
of the rabbit are relatively easy to grow in vitro (Purshottam and Pincus, Huff,
1962; Daniel, 1963, 1965).
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Rabbit blastocysts can be obtained by selecting a doe in estrus and placing
her in the cage of a fertile male. Mating normally takes place within a few
minutes, and the time of coitus is recorded. Ovulation occurs about 10 hours
later in response to the mating stimulus. The day of mating is called Day 0; the
ova are recoverable from the oviducts on Days 1, 2 and 3. On day 3 the ovum has
developed to the morula stage and is about to enter the uterus and become a
blastocyst. These blastocysts may be found floating freely in the uterus on Days
4, 5, and 6.
In the rabbit blastocyst the embryonic disc is visible between days 6)4-7 and
implantation begins about 7)4-days post coitum (Daniel, 1971). Generally,
blastocysts older than seven days cannot be removed from the uterus intact
because the size is increasing, causing them to become tightly packed in the
lumen, and they begin to attach to the endometrium. After the blastocyst has
been removed from the uterus, it cannot be dissected until the zona pellucida is
removed. Removal of the zona pellucida can be done either mechanically
(Tarkowski, 1963), or with the enzyme pronase (Mintz, 1962; Gwatkin, 1964).
Zona-free blastocysts are cultured in contact with a suitable substratum. The
trophoblastic cells adhere to the substratum, migrate outwards, and pull the
blastocyst into a flattened sheet of cells.
Since the first organ to form in the embryo is thought to be the heart, it
was of particular interest to note that pulsating cells arise from fragmented
preimplantation rabbit blastocysts (Finkelstein, et al., 1976). The earliest
recorded heartbeat in the rabbit is 8.5-days post coitum (Dwinnel, 1939).
The morphology of cells m vitro is influenced by the disaggregation
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procedure, the culture substratum (Carter, 1965), the medium (Coon and Cahn,
1966; Rubin, 1966), and intercellular contacts (Willmer, 1965). The ability of a
cultured heart cell to beat does not always correlate with its shape (Harary and
Farley, 1963), and can be influenced by the extracellular potassium ion
concentration, other components of the culture medium, the mode of tissue
dissociation and the age of the heart from which the cell was obtained (DeHaan,
1967). Heart cells undergo biochemical changes (Cahn, 1964) spread, stop
beating and lose retractility.
Many investigators have studied the effects of certain drugs on specific
tissue. The effects of acetylcholine upon the embryonic heart appear to be of
special interest, since they are not complicated by possible effects of the drugs
on intrinsic nerve cells and fibers and on vessels, as in experimentation on the
adult heart.
Acetylcholine (ACh) is the synaptic transmitter between the motoneurons
and skeletal muscle fibers and also vagal nerve endings and cardiac cells of
vertebrates. Innervated adult muscle fibers are highly sensitive to ACh only in
the area of neuromuscular junctions; however, after denervation, fibers become
quite sensitive to ACh over their entire length (del Costillo and Katz, 1955).
Embryonic muscle fibers are likewise sensitive to ACh over their entire length
(Diamond and Miledi, 1962), as are muscle fibers grown in vitro (Dryden, 1970;
Fischbach, 1970). Thus, ACh sensitivity seems to be a general characteristic of
muscle fiber surface membranes which, during the course of normal develop¬
ment, are secondarily influenced by innervation. While ACh sensitivity appears
at the onset of muscle differentiation, ACh receptors seem to play no role in the
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early events of myogenesis, as evidenced by the failure of receptor block or of
desensitization to interfere with myogensis (Fambrough and Rash, 1971).
Burn (1953) suggested that the rhythmic contraction of the heart is due to
local production of acetylcholine, and that there is an optimal concentration of
acetylcholine for maintenance of the beat, amounts in excess of this produce the
classical depression of rate and force of contraction. Furthermore, the school of
Spadolini has postulated for many years the existence of stimulatory and
inhibitory receptors for acetylcholine in the vertebrate heart (Spadolini and
Domini, 1950; Spadolini and Giachetti, 1953).
Hall (1957) tested acetylcholine on isolated embryonic rat hearts and their
fragments at stages lOYi-lkYi days, which precede invasion of nerve cells and
fibers, and observed that acetylcholine acted directly upon the embryonic rat
myocardium. He found little variation in the contraction rates of 1054-day
hearts; however, both diastolic arrest and deceleration occurred in when ACh
solutions were applied to 1154, 1254, 1354 and 1454-day stages. When using heart
fragments, sino-atrial and ventriculo-conus, he reported that the fragments had a
significant deceleration of 23.1% and 23.2%, respectively, from the initial
control. His findings also revealed that approximately 20% of the fragments
arrested.
Gimeno and Roberts (1962, 1964) postulated that stimulatory and inhibitory
receptors exist in the early chick embryo heart, and suggested that if
acetylcholine were to combine preferentially with the stimulatory receptors to
stimulate the rate, inhibition would be produced only after the stimulatory sites
were filled and acetylcholine could combine with the inhibitory receptors.
Roberts, et. al (1965) studied the receptor groups for acetylcholine in the early
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chick embryo heart and found that under certain experimental conditions
acetylcholine stimulates the heart during the period of innervation, while
depressing the rate after the nerve supply is established. They also obtained data
which suggest that endogenously produced acetylcholine is involved in the
regulation of the heartbeat.
CHAPTER III
MATERIALS AND METHODS
Does of New Zealand White Rabbits, at approximately 6 3/4-days of
pregnancy, were sacrificed by cervical dislocation and the uterine horns removed
under sterile conditions. The uteri were then teased open with fine tipped
forceps until the blastocysts were exposed. The blastocysts were then removed
from the uteri with blunt tipped forceps and placed in Waymouth's 752/1 medium
until preparation for studies on the embryonic discs was made.
Culture Studies
The collected blastocysts were placed individually in Falcon plastic petri
dishes (60 x 15 mm) containing sufficient Waymouth's medium to barely cover the
surface (Fig. 1). By puncturing the zona peliucida with micro-needles, the
blastocyst proper can be removed and its spherical structure maintained. The
embryonic disc, now visible under a dissecting microscope, can be removed by
mechanically teasing it away from the trophoblast. Some blastocysts were
disaggregated by forcing the embryos through 18 gauge needles. The two
morphologically distinct areas, the embryonic disc and trophoblast, and the
disaggregated blastocysts were placed in separate Falcon plastic petri dishes (35
X 1 mm) containing 3 mi of Waymouth's 752/1 culture medium supplemented with
15% fetal calf serum, and 100 units/ml penicillin-streptomycin. All media
components were obtained from Grand Island Biological Company (GIBCO),
Grand Island, N.Y. The petri dishes were incubated at 36.5 C in an atmosphere
of 5% €©2-95% air. The cultures were observed using a Leitz inverted phase
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Fig. 1. A section of a 6 3/4-day blastocyst. The acellular zona pellucida (ZP)




The morphology of these cells was photographed, starting with day 1 up to
and after the onset of pulsation using a Leitz Orthomat fully automatic
microscope camera. The Leicina Special Super-8 camera system was used to
observe the movement of isolated single cells in culture. Kodak Plus-X and
Super-8 films were obtained from Atlanta Photo Supply Company, Atlanta,
Georgia.
Acetylcholine Studies
The embryonic discs were isolated as described above. At the onset of
pulsation, the disc containing supplemented Waymouth's 752/1 and pulsatile
tissue was removed from the incubator and set up for experimentation. The
stages studied involved 10-14 day in vitro differentiated "heart" tissue. The dish
was placed on the stage of the Leitz inverted phase microscope. The microscope
was housed in a sterile chamber made by Presier Scientific Instruments, Inc.,
Charleston, West Virginia. The chamber was equipped with an Air Curtain
Incubator to maintain the standard temperature of 36.5 C. It also contained an
opening to adjust the inflow of CO2 into the chamber.
Acetylcholine (Sigma Chemicals, St. Louis, Missouri) was prepared by
adding 0.05 g to 50 ml of sterile water. 0.2 ml of acetylcholine was added to 3.0
ml of media for a final concentration of 0.37 mM.
Average contraction rates were obtained using a GCA/Precision timer.
The contraction rates were obtained at a normal rate (initial control), after
acetylcholine was applied and after the removal of the drug (terminal control).
Each heart was observed for a duration of 10 min at 0, 1, 2, 3, and 4 min




The procedure developed in this study made it easy to dissect and culture
the 260 blastocysts used. We were able to identify the trophoblast from the
embryonic disc (Fig. 2) using phase-contrast microscopy. It was noted that in
some cases the embryonic disc tended to protrude from the trophoblast (Fig. 3).
We also observed that after separating the embryonic disc from the trophoblast
that the two sides of the disc (interior and exterior) were very easy to
distinguish. The embryonic disc had a distinct curvature (Fig. 4) and the area on
the trophoblast from which it was taken was clearly visible (Fig. 5).
After separation, the morphologically distinct areas were placed in culture
to determine if the embryonic disc is self-supporting in culture. Several controls
were established to carry out this investigation. The intact blastocyst,
disaggregated blastocyst, and trophoblast were also studied. The embryonic disc
was observed to pulsate without the trophoblast, and a greater percentage (64%)
of isolated discs developed pulsating tissue, as compared to the disaggregated
blastocyst. In no instance did pulsating tissue develop from trophoblast cells
(Table 1). The embryonic disc in culture behaves like that described by other
investigators (Polinger, 1973; Finkelstein et al., 1976). The pulsating cells were
located both in reconstituted blastocysts that were unattached (Fig. 6) or in
cellular outgrowths from the discs that had attached to the bottom of the petri
dish (Fig. 7). Some discs were observed to possess both properties. These discs
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Fig. 2. The trophoblast (TB) is a layer of extraembryonic ectodermal tissue.
This area may be distinguished from the embryonic disc (ED) by a
distinct band (arrows). 125X
12
Fig. 3. A 6 3/4-day blastocyst after removal of the zona pellucida. The
embryonic disc (ED) is clearly visible as it protrudes from the surface
of the bleistocyst. 125X
13
Fig. 4. Embryonic Disc from a 6 3/4-day blastocyst. The interior (IS) and
exterior (ES) surfaces of the embryonic disc can be distinguished by a
distinct curvature that was observed after being separated from the
trophoblast. 50X
14
Fig. 5. Trophoblast from 6 3/4-day blastocyst. The trophoblast (TB) remains
spherical even after the removal of the embryonic disc. Arrows
indicate the area from which the embryonic disc was removed. 125X
15
Table 1. The percentage of pulsating embryonic discs, as compared to the disaggregated
and whole blastocysts and trophoblasts.
















♦Trophoblast cells taken from the separation of the embryonic disc
Fig. 6. The embryonic disc forms a reconstituted blastocyst (RB). Pulsating
cells (P) are observed in one portion. 125X
Fig. 7. An embryonic disc cifter 3-days in culture. Cellular outgrowth contain
pulsating cells (P). 250X
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that part attached to the dish (Fig. 8). In some cases, there was an isolated
single cell that had developed in the cellular outgrowth (Fig. 9). These cells
were seen to beat asynchronously to the neighboring pulsating cells. As
development continued, however, the contraction rate of these cells became
synchronous. Usually the pulsating area adopted the faster of the contraction
rates to set the final rate. The morphology of the cells while in culture was
constantly changing. After 2-3 days in culture, a large percentage of the culture
dishes contained pulsating cells. The contraction rate of these cells was
observed daily. We observed a decrease in contraction rate (53%) of the
pulsating cells in culture as development proceeded (Table 2). The morphology of
the disc varied as development proceeded (Figs. 10-13).
Time lapse cinematography showed us that pulsating cells behaved like
normal dividing cells. The explanation to what occurs, is not yet known, but by
using time lapse and the procedure developed, the movement of pulsating "heart”
tissue may be followed.
Acetylcholine Studies
Embryonic discs (36) were studied and determinations of pulsating tissues
rates were made by the standardized procedure described. Of these, 7 were used
at 10, 12, 13, and 14-day m vitro stages and 8 at 11 days. Table 3 gives the act¬
ual contraction rates of the 36 hearts during each experimental period. Table 4
shows an average of each stage, by day, in culture. A graph was plotted (Fig. 14)
Fig. 8. Embryonic disc in culture. Floating reconstituted tissue (FRT) was
connected to tissue that had attached (A) to the bottom of the petri
dish. 125X
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Table 2. Contraction rates of disaggregated blastocysts
Beats/minute
Day 10 Day 13 Day 15
80 51 42 -
36 34 56 +
50 40 69
96 67 58 -
58 61 93 +
60 40 36 -
44 40 38 -
72 64 59 -
69 67 63 -
40 39 37 -
34 77 80 +
83 93 95 +
- = Decrease in rates 58%
+ = Increase in rates 33%
h = Combination of both 8%
Fig. 10. Embryonic disc from the 6 3/4-day blastocyst. Unattached after 1 day
in culture. 50X
Fig. 11. Embryonic disc from the 6 3/4-day blastocyst. Partially attached
after 2 days in culture. 125X
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Fig. 12. The 6 3/4-day embryonic disc after 3 days in culture. Pulsation (P)
hcis occurred in the inner portion of the mass. 125X
Fig. 13. The 6 3/4-day embryonic disc after 5 days in culture. Arrows
indicate the massive amount of pulsation has developed in the entire
area. 250X
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25 30 25 47 53 45 54 54 52
32 34 29 77 80 74 71 77 72
41 44 39 49 50 48 37 43 37
123 120 111 39 34 41 85 48 80
98 96 104 68 79 70 101 80 96
63 65 66 96 96 94 87 83 90
127 129 321 77 69 75 41 66 50
509 518 506 66 59 65 476 451 476
519 520 512
*Continued on next page,
Table 1 (continued)
13 d 14 d
IC ACh TC IC ACh TC
61 12 56 32 stopped
45 32 46 40 33 42
47 stopped __ 72 49 69
88 80 87 25 stopped --
53 41 53 29 26 30
32 30 34 32 14 30
59 39 58 24 21 23
385 234 334 254 143 194
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Table 4. Average of actual contraction rates of pulsating embryonic






10 73 74 72
11 65 65 64
12 6S 64 68
13 55 39 56
14 36 28 39
Fig. 14. The effect of acetylcholine on pulsating tissue. The initial control
addition of ACh and terminal control were plotted The












from the averages to observe pictorially the effects of the initial control,
addition of ACh, and the terminal control.
Although the contraction rates in the seven 10-day "hearts" varied from 25
to 127 beats/min, there was little variation in the rates between the control and
the addition of ACh. Observations of the 10-day heart showed a 1% increase and
no increase or decrease in the 11-day heart.
Observations of the 12, 13, and 14-day hearts began to show some
significant effect of the ACh. The average of these stages show a 6%, 29% and
23% decrease by the ACh, respectively. Arrest occurred in one 13-day and two
14-day in vitro "hearts" and did not resume in the terminal control solution.
CHAPTER V
DISCUSSION
The present study investigated the ability of the isolated embryonic disc to
form pulsatiie heart tissue in vitro, like that reported for the fragmented
blastocyst (Finkelstein et al 1976). The majority of the previous literature
suggested that it is possible to fragment or remove some cells from the
blastocyst and still obtain normal development (Lin, 1969; Gardner 1968;
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Tarkowski, 1959). Our study showed that after isolating the embryonic disc from
the 6 3/4-day blastocyst, pulsatile "heart” tissue was obtained after 2-3 days in
culture. This "heart" tissue was observed to be retractile and contained
myoblast-like and fibroblast-like retractile cells. Polinger (1973) observed that
contractile cells cultured from chick embryo hearts can be distinguished from
noncontractile cells by their refractile appearance when observed with the phase
microscope. Only two cell types have been distinguished in embryonic heart cell
culture; a) myoblast-like and b) fibroblast-like (Hogue, 1937; DeHaan, 1967).
These two are distinguished on the basis of spontaneous beating, cell shapes,
refactility under phase optics and nucleolar number.
Cole and Paul (1965) discussing the properties of cultured preimplantation
rabbit embryos, stated that they observed beating myocardial cells. They
mentioned that if the zona pellucida were removed using pronase, an embryo
would form and the beating heart would develop. No details or data were given
about the development of the heart beat, but pulsating heart tissue was noted in
both the floating and the attached samples. They also found that the pulsating
hearts of the embryos were of a characteristically different shape from non-
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pulsating ones. Their results indicated that embryos which degenerated and
lacked any organized development do not proceed to the onset of pulsation.
The results obtained from our investigations concur with others (Cole &
Paul, 1965). In the studies reported here it was found that after removal of the
zona pellucida, and separation of the embryonic disc from the trophoblast,
pulsating "heart” tissue was obtained in tissue derived from the embryonic disc.
Results did not conclusively show the formation of embryos from this procedure,
but floating and attached pulsating tissue were observed. Observations also
indicated a distinct difference in the shape of embryonic discs containing
pulsating tissue as opposed to discs containing no pulsating tissue.
Rawles (1936) demonstrated by testing the developmental potencies of
small measured pieces of the early chick blastoderm (head-process stage) on the
chorio-allantoic membrane, that particular organ tissue developed from rather
definite regions; that is to say, organ-forming areas are localized to a
remarkable extent. If in fact localized organ forming areas do exist in the early
chick blastoderm, the question arises: Does the embryonic disc from the rabbit
blastocyst possess a specific area to form cardiac tissue? The procedure
developed in this study may allow for such studies to be investigated. Since
"heart" tissue is formed m vitro, it should be possible to identify a particular
region to form cardiac tissue, if such an area exists.
Isolated cardiac muscle cells grown m vitro have been studied with respect
to their ability to contract spontaneously and maintain myofibrillar organization
during division (Kelley & Chacko, 1975). Unlike many other cells, cardiac muscle
cells do not round up to undergo division (Kasten 1972; Chacko 1973). As a
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result, division is accomplished by the cell pinching itself in two at a selected
area. Kasten’s (1972) tissue culture study of the dividing rat myocardium
reported that contractions become weaker at metaphase, cease at anaphase and
resume in daughter cells.
Although our studies with time-lapse cinematography show migration of
cells and a possible pinching of cells, we are unable to discuss, with authority,
the possibility of our ceils undergoing mitosis. There is no doubt that some type
of division occurred because as movement proceeded pulsation ceased. Observa¬
tions of this phenomenon were obtained from isolated single ceils that had
developed in culture. Additional studies were conducted to study the effects of
acetylcholine on the pulsating tissue formed in vitro from the isolated embryonic
discs.
Investigators studying the effects of acetylcholine reveal that receptors in
cardiac cells is responsible for both stimulatory and inhibitory effects (Spadolini
and Giachetti, 1953). Hall (1957) observed the effects of acetylcholine on 1054 to
14f4-day isolated embryonic rat hearts and their fragments. He found that
acetylcholine acted directly on the 1154 to 1454-day embryonic heart rat
myocardium to inhibit the rate while the 1054-day stage showed little change. He
also noted that fragmented 1154-day hearts that were transected at the atrio¬
ventricular junction had very different contraction rates. The sino-atrical
fragments averaged 182.2 beats/minute and the ventriculo-conus fragment
averaged 84.5 beats.
The results obtained in the study reported in this paper may be correlated
with those of other investigators. The pulsating "heart” tissue formed in our
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system reacted similarly to the studies described by Hall (1957). Acetylcholine
was observed to act directly upon the "heart” tissue. The tissue in culture
showed an inhibitory response to the drug. Experimentation did reveal that
embryonic hearts exhibit marked individual variations in sensitivity to acetycho-
line, but not to an extent which can be correlated with age or other variables
(Hsu, 1933). Rhythmic contraction is thought to be due to local production of
acetycholine. Amounts in excess of this produce the classical depression of rate
and force of contraction (Burn, 1953). Depression was observed in the 12, 13, and
14-day m vitro "heart" tissue. Hence, the presence of acetylcholine in this
system should not be overlooked.
The conclusion that variation exists in contraction rates of the same stage
rabbit heart is supported by McClendon (1978). Although variation was observed,
the averages of the m vivo and m vitro 11, 12, and 13-day heart tissue were
similar. McClendon (1968) noted rates of 59, 63, and 56, in hearts developed m
vivo, while this study showed rates of 65, 68, and 55, respectively from the in
vitro developed "heart" tissue.
CHAPTER VI
SUMMARY AND CONCLUSIONS
A new procedure wais reported here for separating the embryonic disc from
the trophoblast by micro-manipulation for both observation and experimen¬
tation. The blastocysts of new Zealand White Rabbits were removed from
does at 6 3/4-day post coitum. A distinct layer of cells forms to
differentiate the trophoblast from the embryonic disc. This allowed for the
uncomplicated removal of the disc. In some cases, the embryonic discs
protruded from the surface of the blastocyst. The zona pellucida was
removed and the embryonic discs were excised. The discs were cultured in
supplemented Waymouth's 752/1 media.
The phase-contrast microscopic examination revealed that after 2-3 days in
culture, pulsation was observed. Pulsatile tissue was contained in floating
reconstituted blastocysts, cellular out-growths attached to the disc, and a
combination of the above. This tissue contained myoblast-like and
fibroblast-like cells. The pulsatile tissue was retractile under phase optics.
Morphological changes occurred daily.
The time lapse cinematography revealed the migration of cells. The
movement showed a pinching in two of some of these cells.
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4. Experimentation revealed the following effects of acetylcholine on the m
vitro tissue.
a. Initial controls varied in contraction rates from 25 to 127 beats/min.
b. Contraction rates of 10 and 11 day stages showed little variation
when the drug was applied. The 12, 13, and 14-day stages showed a
depression of contraction rates.
c. Terminal controls were seen to return to normal after the drug was
removed.
From the evidence presented, it can be concluded that the m vitro tissue
possesses many characteristics of the m vivo heart tissue in relation to cell types
and acetylcholine effects. The significance of this study indicates that "heart”
tissue may be identified at very early stages in the mammal.
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